Why do people choose bank deposit contracts over a direct participation in asset markets? In their seminal paper, Diamond and Dybvig's (1983) answer this question by claiming that bank deposit contracts can implement allocations that are welfare superior to asset markets equilibria. The present paper demonstrates that this claim is false whenever the asset market participants are highly rational.
1 Introduction Diamond and Dybvig (1983) (=DD) claim that "bank deposit contracts can provide allocations superior to those of exchange markets"(p. 401). As the reason for this welfare superiority of …nancial intermediation over asset markets, DD identify asymmetric information about the agents'liquidity preferences: "Because only the agent ever observes the private information state, it is impossible to write insurance contracts in which the payo¤ depends directly on private information, without an explicit mechanism for information ‡ow. Therefore, simple competitive markets cannot provide this liquidity insurance. [:::] Banks are able to transform illiquid assets by o¤ering liabilities with a di¤erent, smoother pattern of returns over time than the illiquid assets o¤er. "(p.403) This claim of welfare superiority of …nancial intermediation has been widely accepted within the literature. For example, in their leading textbook Freixas and Rochet (2008) write: "[:::] the market economy does not provide perfect insurance against liquidity shocks and therefore does not lead to an e¢ cient allocation of resources. This is because individual liquidity shocks are not publicly observable, and securities contingent on these shocks cannot be traded [:::]. The following discussion shows how a …nancial intermediary can solve this problem."(p. 23)
The above argumentation refers to the well known fact that any asset market equilibrium is Pareto optimal if this market is complete in the sense that arbitrary trading strategies for state contingent Arrow-Debreu securities are feasible. Consequently, as a necessary condition any welfare superiority of …nancial intermediation over asset markets could only be possible in an incomplete market environment. However, in the context of an DD economy this information asymmetry argument is not convincing since the information constraints are not binding in the DD economy so that the …rst best (under publicly observable information) and the second best (under private information) solutions actually coincide. It is therefore far from obvious that asset markets shall not be able to generate the …rst best solution, i.e., the Pareto optimal allocation.
As this paper's main contribution, we prove that the optimal allocation of the original DD economy can be alternatively implemented through an intermediate asset market whenever the agents'ex ante investment decisions correctly anticipate the equilibrium on this market. That is, under the assumption that the agents fully understand how future equilibrium prices depend on today's investment decisions, even an idealized …nancial intermediary cannot outperform asset markets in terms of welfare generation.
The optimal allocation
This section derives the optimal allocation of the original DD economy. Suppose that all agents of the economy pool their wealth with a …nancial intermediary, i.e., an idealized bank, which maximizes each agent's ex ante expected utility subject to the bank's budget constraint. Formally, in period 0 every agent i 2 [0; 1] deposits his initial wealth W i = 1 with the bank. The bank decides in period 0 which fraction of the accumulated wealth
to hold as cash, C, and which fraction to hold as assets, A. The bank will earn in period 2 the certain return R > 1 per unit of asset. In the intermediate period 1, every agent learns whether he has a low, L, or a high, H, patience for consumption. Denote by c t , t = 1; 2, period t consumption of an agent and consider the following type-dependent utility function over consumption streams
for some continuously di¤erentiable, strictly increasing, and strictly concave function u : R ! R. Suppose that a low, resp. high, type agent receives in period 1 amount C L , resp. C H , of cash from the bank which he immediately consumes. Further suppose that the bank allocates to a low, resp. high, type agent the amount A L , resp. A H , of assets such that the agent consumes in period 2 the returns generated by these assets. Denote by (L) 2 (0; 1), resp. (H) = 1 (L), the probability that an agent has low, resp. high, patience for consumption. Then the agent's period 0 expected utility from the allocation
Let us stipulate that the law of large numbers works to the e¤ect that in the intermediate period 1 a mass = (L) of agents will have low and a mass 1 = (H) of agents will have a high patience for consumption. 1 Under the assumption that the agent's types are observable by the bank, the bank thus maximizes
whereby C L is characterized by the following …rst order condition
or, equivalently expressed (cf. Equation (1b) in DD) as
where c 1 = C L denotes the optimal period 1 consumption of the low patience and
denotes the optimal period 2 consumption of the high patience type. The following proposition collects the above results.
Proposition 1 (Diamond and Dybvig 1983) : Suppose that the agents' types are publicly observable. Then the (…rst best) optimal allocation (C L ; A L ; C H ; A H ) of the DD model is characterized by the following equations
1 That the individual probability of an depositor to turn out as a high type coincides (almost surely) with the fraction of high types in the population, is for a countably in…nite population justi…ed by the law of large numbers together with the assumption that depositors' types are independently and identically distributed. While such justi…cation is not at hand for the continuous population of our model (Judd 1982 , Du¢ e and Sun 2007), we simply follow here the literature and misquote the law of large numbers in the 'usual way'. Now suppose that the agents'types are private knowledge and, therefore, not observable by the bank. In this situation of asymmetric information, the bank's optimization problem would have to take account of incentive compatibility constraints for each type. It is easy to see that the …rst best allocation of Proposition 1 satis…es the corresponding incentive compatibility conditions: First, a low patience type does not care about assets allocated to the high patience type. Second, the high patience type strictly prefers his allocated assets A H to C L because (12) implies c 2 > c 1 since R > 1 and u 0 is (by strict concavity of u) strictly decreasing. Consequently, the information constraints are not binding in this economy. Corollary: Suppose that the agents'types are not publicly observable. Then the (second best) optimal allocation of the original DD economy coincides with the (…rst best) optimal allocation (C L ; A L ; C H ; A H ) of Proposition 1.
Implementing the optimal allocation through an asset market
This Section demonstrates that the optimal allocation of Proposition 1 can be implemented through an asset market if the agent's correctly anticipate the asset market's equilibrium price function. In addition to assets, which are claims to the returns of the long-term project, the agents now also hold some cash in period 0. This cash can be either used for consumption in periods 1 or 2, or for purchasing further assets on the period 1 asset market. In period 0 the agent thus decides about how much of his initial wealth to hold as cash, C, versus to invest in the long-term project, A = 1 C. The following analysis proceeds backwards. At …rst, we describe the period 1 competitive asset market at which all agents can trade their assets after they have learnt their patience type. In a next step, we describe the period 0 investment situation of the representative agent who correctly anticipates how the period 1 equilibrium price is determined by his period 0 decision to hold cash versus assets.
2 Diamond and Dybvig (1983) consider very concave u, i.e., u has to satisfy cu 00 (c)
which excludes, e.g., log-utility. The above analysis shows that strict concavity is already a su¢ cient condition for the results in Propositon 1 and the Corollary.
The period 1 asset market. Denote by p the period 1 market price of a unit of asset. The supply-demand decisions of the agents at a given price p depend on their type. For example, at a price p such that 0 < p < R a high patience type is interested in buying the asset whereas a low patience type is interested in selling the asset. More generally, we obtain the following aggregate supply, respectively demand, correspondences for assets in the period 1 asset market.
Aggregate supply of the asset at market price p:
Aggregate demand for the asset at market price p:
Given the aggregate amount of money C, the period 1 asset market clears at equilibrium price p if and only if
Note that in the market equilibrium all low patience types will only hold cash whereas all high patience types will only hold assets. More precisely, any low type will hold C + (1 C) p units of cash and any high type will hold 1 C + C p units of asset in the market equilibrium. The representative agent's expected utility in period 0 under the correct anticipation of this period 1 market equilibrium is therefore given as
The period 0 investment situation. The period 1 equilibrium price for equity is, by (18), a function of the amount of cash, C, held in the aggregate, i.e., p p (C). Suppose now that in period 0 the representative agent chooses C in order to maximize the period 0 expected utility (19) whereby he correctly understands the equilibrium price function (18). The optimal period 0 amount of cash for every agent, denoted C M , is then characterized as the solution to the following …rst order condition
Proposition 2: In the asset market equilibrium, every agent holds in period 0 the amount C M of cash and the amount
characterized by the following equation
The period 1 equilibrium price is then given as
By (12) and (22), we obtain
for the relationship between the optimal amount of cash, C L , allocated to every low patience type, on the one hand, and the optimal amount of cash, C M , held by each agent in period 0 in the asset market situation, on the other hand. Because only low type agents hold in the asset market equilibrium cash in period 1, every low type agent ends up with the same equilibrium amount of cash, i.e., C L , as under the optimal allocation of Proposition 1. Similarly, after trading on the asset market every high type ends up with the same equilibrium amount of assets, i.e., A H , as under the optimal allocation of Proposition 1. We are now ready to state this paper's man result.
Theorem: The optimal allocation of Proposition 1 and the asset market equilibrium allocation of Proposition 2 are identical. In particular, we obtain for the agent's period 0 expected utility under both scenarios
Discussion
Similar to our analysis, Hellwig (1994) describes a rather complex variant of an DD-type economy for which the optimal allocation could be implemented through an asset market. Hellwig (1994) proceeds to o¤er three possible reasons why …nancial intermediation may be nevertheless be superior to asset markets: Avoidance of market-transaction costs caused by spatial di¤erentiation; a role as commitment device; and the monitoring-cost advantage argument by Diamond (1984) (see also Hellwig 1998) . The analysis of this paper points to a fourth reason that might make …nancial intermediation more attractive than participation in asset markets. Namely, the implementation of the optimal allocation through an asset market equilibrium is implicitly based on a strong common knowledge of rationality argument: Not only must every agent correctly anticipate the future market clearing price function, he must also rely on the other agents to correctly anticipate this correct market price function (and so forth...) so that all agents'decentralized period 0 investment decisions will aggregate up to the optimal amount of cash versus assets held in this economy. Although this coordination problem of decentralized market decisions has been simply assumed away by the construct of a representative agent with correct price anticipations, this does not mean that real-life agents do not feel uncomfortable about relying on the common rationality of all agents. If, in contrast, only the …nancial intermediary has to make the aggregate investment decision, the complexity of this decentralized decision situation reduces to a simple centralized decision situation where only the …nancial intermediary has to be rational.
